At the end of 2019, a new coronavirus, SARS-CoV-2, was identified as the responsible pathogen of a cluster of severe, atypical pneumonia cases from Wuhan city, China. The disease was named as Covid-19 and has spread globally as a pandemic with more than 3 million identified cases and 220,000 death toll over the world in 5 months ([@CR1]). Since then, some specific virologic and clinical characteristic features related to SARS-CoV-2 and Covid-19 have been reported.

First, SARS-CoV-2 is a respiratory pathogen sharing significant similarity with the SARS-CoV that caused an epidemic in 2002--2004 originated in China. It enters the host cells via the ACE2 receptor as does the SARS-CoV ([@CR2], [@CR3]). The severity of the disease, i.e. the viral load and lung injury, is positively correlated with the higher angiotensin (Ang) II levels ([@CR4]). These reports have pointed out the significant role of renin angiotensin system (RAS) at the disease pathogenesis.

RAS has been known more than a century and widely studied for its endocrine effects in maintaining blood pressure, fluid homeostasis, and electrolyte balance. It is long known that a balanced function of RAS is fundamental for circulatory homeostasis. Beyond the well-recognized endocrine function with the circulating RAS, later on, several local tissue RASs have been identified with paracrine and autocrine effects including the heart, kidney, vascular endothelium, adipose tissue, adrenals, liver, lung, pancreas, skeletal muscle, gonads, liver, placenta and brain ([@CR5]--[@CR11]). A functional RAS has also been discovered in the mitochondria involving Ang II-mediated intracrine signaling ([@CR12]). The local tissue RASs have been suggested play a key role in the injury/repair response ([@CR8]) and have regulatory actions on cell growth, proliferation, inflammation, and cytokine production ([@CR13]). Thereby, our understanding of the RAS evolved from the circulating RAS to several local tissue RASs in addition to the circulating RAS. The local tissue RASs integrate or complement systemic Ang II ([@CR14]). Of note, local RASs have capacity of functioning both independently from each other and circulatory RAS besides in correlation with systemic RAS components ([@CR6], [@CR15]). They have important physiological effects that are as important as the circulatory RAS and under some conditions even more important than the circulatory RAS ([@CR6]).

RAS involves several peptides binding to a family of RAS receptors. It exerts its effects with classical and non-classical pathways which have opposing effects ([@CR16]). RAS begins with the protease, renin, that is synthesized in the juxtaglomerular cells in kidney. Renin acts on its substrate angiotensinogen which is primarily produced in liver with the resultant product angiotensin I (Ang I). Ang I is biologically non-active agent. It is transformed to the primary product of Ang II in the classical pathway or to the primary product of Ang ([@CR1]--[@CR7]) in the non-classical pathway which have antagonistic effects to each other ([@CR16]). Ang II is mainly produced by the action of angiotensin converting enzyme (ACE), to a much lesser extend by chymases ([@CR17]). On the other hand, Ang ([@CR1]--[@CR7]) is produced by three different ways: a) from Ang II by the action of angiotensin converting enzyme 2 (ACE2) b) from Ang ([@CR1]--[@CR9]) by the action of ACE and c) from Ang I by the action of neutral endopeptidase (NEP) ([@CR16]). The functions of RAS are achieved through the balance between these two main functional peptides, the Ang II and the Ang ([@CR1]--[@CR7]), as well as the abundance of their receptors; Ang II type 1 and type 2 receptors (AT1 and AT2) and Ang ([@CR1]--[@CR7]) Mas1 receptor. AT1R is vasoconstrictor, anti-natriuretic, fibrotic, inflammatory, AT2R is vasodilator, natriuretic, anti-fibrotic, anti-inflammatory and Mas1 receptor is vasodilator, natriuretic, anti-fibrotic, antiinflammatory ([@CR6]).

Angiotensin II causes arteriolar vasoconstriction, increases systemic blood pressure and reabsorption of sodium and water. It also acts as an inflammatory mediator through a variety of mechanisms including adhesion molecules, reactive oxygen species, nuclear factor-kB, and superoxide ([@CR6]). It increases cytokines and chemokines and exerts a proinflammatory effect on leukocytes, endothelial cells and vascular smooth muscle cells ([@CR18]). It also promotes cellular proliferation, therefore, e.g. exerts a mitogenic stimulus for vascular smooth-muscle cells, fibroblasts, glomerular endothelial cells and hepatic stellate cells ([@CR6], [@CR18]--[@CR21]). The opposing peptide, Ang ([@CR1]--[@CR7]), induces systemic and regional vasodilation, diuresis and natriuresis, and exerts antiproliferative and antigrowth effects such as in vascular smooth muscle cells, cardiac myocytes, fibroblasts, glomerular and proximal tubular cells ([@CR13]).

RAS components are expressed in the lung and, of note, serum angiotensin converting enzyme increases in a number of interstitial lung diseases ([@CR8]). Considering the physiological effects of Ang II, it is suggested that Ang II could mediate, at least in part, the response to lung injury through increase in vascular permeability, vascular tone and fibroblast activity, and by reducing alveolar epithelial cell survival ([@CR8]). In a number of lung diseases Ang II has been shown to mediate the disease pathology e.g. idiopathic pulmonary fibrosis, acid or meconium aspiration and sepsis ([@CR5], [@CR22]--[@CR24]). In line with this view, ACE inhibitors and angiotensin II receptor antagonists were reported to attenuate experimental lung injury ([@CR8], [@CR24]) and have been reported to be useful in some pneumonia cases of experimental animal models and in human ([@CR25]--[@CR27]). Accordingly, angiotensin converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs) were suggested to be useful in the treatment of diffuse parenchymal lung disease and pneumonia ([@CR8], [@CR25]).

In lung diseases causing hypoxia, hypoxia itself seems to increase Ang II concentrations ([@CR28]). ACE is under promoter regulation by hypoxia-inducing factor 1α that upregulates the ACE expression under hypoxic conditions, resulting in an increase in Ang II concentration during the respiratory distress. In the case of SARS-CoV-2, a further involvement of RAS occurs through the fact that SARS-CoV-2 relies on ACE2 protein to enter and infect the cell. Furthermore, the virus itself downregulates ACE2 expression. Therefore, SARS -CoV-2 infection seems to increase unopposed Ang II against Ang ([@CR1]--[@CR7]) much more than the other respiratory infections. This can result in the much more exaggerated signs due to the more dominant Ang II pathway in Covid-19.

The most common presenting clinical symptoms of the Covid-19 are reported as fever, fatigue, dry cough, anorexia, myalgias and dyspnea ([@CR29], [@CR30]). Interestingly, loss of smell and taste disturbances have been noted as a presenting symptom in some reports in the course of pandemic ([@CR31], [@CR32]). In line with increasing observations following the anecdotal reports, British otorhinolaryngology and rhinological society suggested anosmia to be included to the symptom criteria to trigger isolation for limiting Covid-19 dissemination ([@CR33]). In this report, it has been signified that in South Korea, 30% of patients testing positive have had anosmia as their major presenting symptom in otherwise mild cases ([@CR33]). In a study including 417 patients with laboratory-confirmed mild-moderate Covid-19 infection recruited from 12 European hospitals, olfactory and gustatory dysfunctions were prevalent in about 85% of the patients and olfactory dysfunction was not associated with rhinorrhea or nasal obstruction ([@CR34]). In another study focusing on smell and taste disturbances among 262 ambulatory individuals with influenza-like symptoms from US, smell and taste impairment was strongly associated with positive testing and discriminating the Covid-19 infection ([@CR31]). These symptoms were about 70% being nearly as common as fever, cough and myalgia ([@CR31]). Similarly, among 202 consecutive mildly symptomatic confirmed Covid-19 cases at home management from Italy, smell or taste disturbances were as high as 64.4% and disturbance was severe in 24% ([@CR32]). Only about 1/3 of those patients reported blocked nose ([@CR32]). They were often the first apparent symptom, more frequent in females and in 3%, it was the only symptom. Data are scarce on hospitalized patients which may be due to the major signs and symptoms of overt disease. To our knowledge, there is only one study that examined taste and smell disturbances in hospitalized patients ([@CR35]). This study was performed in 59 hospitalized SARS-CoV-2-positive patients form Italy who did not have severe disease as they were not on ventilation support and so that could have been interviewed. Among them, 34% reported taste or smell disturbances being more common in females and in younger patients ([@CR35]). Together, these data suggest smell and taste disturbances are important features of the Covid-19 disease. These studies have been performed in patients with milder symptoms mostly in ambulatory setting as the detection of such disturbances rely on the patient's inquiry. Also, these patients are generally reported younger with female predominance which are among factors associated with better prognosis. Another point is, the prevalence of smell and taste disturbances were higher in the studies reported from the outpatients than that reported from in-patients. Considering these factors, while smell and taste problems might have not been identified during the severe course of the disease due to the overwhelming major signs and symptoms, one can question whether they may also be associated with a milder disease course or not.

As outlined above, the pathogenesis and physiopathology of Covid-19 are very closely related with the RAS. We would like to draw attention that the loss of smell and taste are well-known side effects of pharmacological ACE inhibition with the ACE inhibitors ([@CR36], [@CR37]). The pulmonary ACE expression is subject to negative feedback by Ang II, meaning that increased Ang II causes decreased ACE mRNA levels in the lung and decrease in pulmonary ACE activity ([@CR38]). The ACE inhibition in this context seems as a physiological response to compensate for the increased Ang II levels. Accordingly, there seems to be some ongoing ACE inhibition during the Covid-19 infectious process as the disease is documented to associate with higher Ang II levels in its pathogenesis ([@CR39]). This physiologically compensatory ACE inhibition may be, at least, partially related to the loss of smell and taste observed in Covid-19 patients ([@CR40]). It can be argued that if a patient can effectively inhibit ACE during the infection, the disease may go milder, because the Ang II, which is one of the agents postulated to be responsible from more severe Covid-19, would be produced less. This hypothesis is in accordance with the observations that smell and taste disturbances are reported mostly and more prevalent in outpatients with milder symptoms and also have associations with other favorable prognostic factors as female gender and younger age.

The dry cough is also among very well-known effects of pharmacological ACE inhibitors ([@CR41], [@CR42]) and is a very common symptom accompanying the Covid-19 infection. While the infection affects the upper and lower respiratory system and may therefore cause cough by the irritation of cough receptors, one can question whether there is an additional role of compensatory host ACE inhibitory response in the pathogenesis of dry cough ([@CR39]).

The fatigue, anorexia and myalgias are also common symptoms of Covid-19 as are they the other systemic viral infections. They are considered as signs of inflammation and observed in inflammatory conditions other than the infections as vasculitis, rheumatological diseases, neoplasia. Looking from the RAS view, the fatigue and myalgia symptoms may also be contributed by the overactivation of the classical RAS pathway against the non-classical pathway. There has been accumulated reports suggesting the role of increased Ang II in muscle pathologies i.e. sarcopenia and cachexia ([@CR43]--[@CR46]). In animal models, the increase of Ang II levels proved to induce skeletal fiber wasting through enhanced protein degradation and apoptosis as well as decreased protein synthesis ([@CR14]). In rodents, Ang II infusion leads to skeletal muscle wasting mediated by alterations in insulin-like growth factor-1 signaling, increased apoptosis, enhanced muscle protein breakdown via the ubiquitin-proteasome system, and decreased appetite due to downregulation of orexigenic hypothalamic neuropeptides orexin and neuropeptide Y ([@CR45]). It inhibits skeletal muscle stem cell proliferation, leading to lowered muscle regenerative capacity ([@CR45]). Satellite cells in the muscle acts as muscle stem cells to sustain muscle regeneration after injuries and fiber wasting. Ang II/AT1R axis resulted to reduce satellite cell migration, differentiation and growth. Angiotensin II inhibits satellite cell proliferation and prevents skeletal muscle regeneration ([@CR47]--[@CR51]). In accordance with these reports, the decrease in counter-regulatory non-classical pathway of RAS, ACE2 deficiency, has been shown to result in early manifestation of muscle weakness with signatures of muscle senescence in mice which has been attenuated by Ang ([@CR1]--[@CR7]) infusion ([@CR43]). Similarly, the genetic deletion or blockade of the Ang ([@CR1]--[@CR7]) Mas receptor has been shown to result in diminished muscle strength, increased fibrosis and highly deteriorated muscular architecture in animal models ([@CR52]). From the therapeutic view, Ang II AT1 receptor blockade has been reported to improve muscle regeneration in myopathic mice model ([@CR53]) and resulted to protect the pool of satellite cells promoting muscle regeneration and function improvement in mice model ([@CR47]). In a small study among heart failure patients, both ACEI and ARB enhanced exercise capacity and muscle performance through their effect on myosin heavy chain ([@CR54]). ACEIs have also been studied with some positive effects against sarcopenia and physical impairment in older adults without heart failure ([@CR55]) and suggested to have future role in treatment of sarcopenia ([@CR56]). A remarkable clinical feature of infections caused by SARS-CoV and SAR-CoV-2 is that they cause severe and rapidly progressing acute respiratory syndrome necessitating ventilatory support in some patients. In the setting of Covid-19, the negative skeletal muscle effects and development of acute sarcopenia are very likely considering the increased Ang II from the classical pathway and decreased ACE2/Ang ([@CR1]--[@CR7]) from the non-classical pathway. These effects may also be responsible from the higher need of ventilatory support during the disease course since respiration also depends on skeletal muscles which function as pump and upper airway muscles with diaphragm being the main skeletal pump muscle to move air into the lungs ([@CR57]). This disease related acute sarcopenia may also be related to the worse prognosis of the disease among older adults. The outlined pathophysiological view also suggests us that the survivors of severe Covid-19 infections may be at much more risk for consequences of sarcopenia. This point would have obviously higher impact in the older adults who are already prone to age-related sarcopenia and therefore need to be closely monitored.

Another remarkable feature of Covid-19 infection is that some patients with severe disease have profuse inflammatory response similar to the cytokine storm syndrome, with elevated inflammatory markers (e.g. d-dimer, ferritin..etc.) and proinflammatory cytokines ([@CR58]). The disease severity in patients is due to not only the viral infection but also the host response ([@CR59]). Uncontrolled inflammation causes multi-organ damage leading to multi-organ failure ([@CR59]). The hyperinflammation is considered as secondary hemophagocytic lymphohistiocytosis, it is associated with critical and fatal illness and recommended to be treated to reduce mortality by agents that control or decrease inflammation such as by selective cytokine blockade (e.g. anakinra, tocilizumab), JAK inhibition ([@CR58]). As outlined above, the overactivation of the classical RAS pathway is associated with exaggerated inflammatory response mediated by Ang II through the AT1 receptor system and seems to have role in this pathology. Angiotensin II levels in Covid-19 patients on admission are reported twice the normal levels ([@CR4]). Pulmonary vascular inflammation leads to endothelial surface-bound ACE to be released into the interstitium called as ACE "shedding" resulting in increase in plasma ACE activity ([@CR60], [@CR61]). This phenomenon also produces a sharp increase in local Ang II ([@CR60], [@CR62]). Angiotensin II causes endothelial activation, proinflammatory cytokine release and platelet activation that further enhance a pro-thrombotic milieu ([@CR62]). Angiotensin II also has potent chemotactic effects that may accelerate lymphocyte recruitment and suppression. As outlined above Ang II has been implicated to mediate a number of lung diseases. Presence of the exaggerated immune response that is specifically found in Covid-19 and SARS but not in other Ang II mediated lung diseases may be due to the further impairment of Ang II to Ang ([@CR1]--[@CR7]) balance that can be attributed to consumption and decreased expression of ACE2 specific to these disease pathologies. The adverse effects of increased Ang II pathway would be more hazardous in the older adults also regarding the hyper-inflammation aspect. Ageing is associated with increase in inflammatory markers and dysregulation of the system, a situation called inflammaging ([@CR63]). Hyperinflammation has been reported more common in the older patients with Covid-19 and this may be related with already dysregulated immune system in the older adults, a factor that may underline the increased risk of mortality in the older adults ([@CR63]). On the other hand, as clinicians dealing with older adults, we should consider that peripheral inflammation caused by Covid-19 may have long-term consequences in those that recover, leading to chronic medical conditions ([@CR64]) such as dementia and neurodegenerative diseases, sarcopenia for which older adults are already at higher risk.

After identification of ACE2 as the gate for SARS-CoV-2 entry, use of ACEI/ARB has become controversial in the setting of Covid-19. From infectivity point of view, the factors that increase ACE2 expression have potential to increase virulence and infection risk by the virus ([@CR65]--[@CR67]). It has been concerned because, while inconsistently, ACEIs and ARBs have been reported to increase the expression of ACE2 receptor in animal and limited human studies ([@CR68]--[@CR70]). The crucial role of ACE2 has been demonstrated in a mice model of SARS-CoV infection reporting little or no viral replication in ACE2 deficient mice ([@CR27]). On the other hand, as outlined above, regarding the disease pathophysiology mediated by increased and unopposed Ang II, the therapies directed to increase ACE2 expression (ACEIs, ARBs), decrease Ang II production (ACEIs) or its effects (ARBs) may well have role to counteract the disease pathophysiology ([@CR27], [@CR65], [@CR66], [@CR71]) by balancing the imbalanced Ang II/Ang ([@CR1]--[@CR7]) axis in the favor of Ang ([@CR1]--[@CR7]) and thereby prevent acute lung injury and risk of acute respiratory distress syndrome. Therefore, evaluation of safety and possible beneficial effect of antihypertensive therapy with RAS blockade has been very much needed in the setting of Covid-19 pandemia ([@CR65]). Some evidence on this regard has come with four very recently and consecutively published articles with a relatively high participant number ([@CR72]--[@CR75]). In a retrospective, multi-center study including 1128 adult patients with hypertension diagnosed with Covid-19 in Hubei, China, inpatient use of ACEI/ARB was associated with lower risk of 28-day all-cause mortality compared with ACEI/ARB non-users after adjusting for age, gender, comorbidities, and in-hospital medications ([@CR72]). In another observational, retrospective multicentric study including 8910 patients from 169 hospitals in Asia, Europe and North America, use of ACEI/ARB was not associated with increased risk of in-hospital death after adjustment with age, race, coexisting conditions (coronary artery disease, congestive heart failure, cardiac arrhythmia, diabetes mellitus, chronic obstructive pulmonary disease, current smoking, former smoking, hypertension, immunocompromised state, hyperlipidemia), country of origin, and other medications (beta-blockers, antiplatelet agents, statins, insulin, and oral hypoglycemic agents). Notably, the use of ACE inhibitors were associated with a better chance of survival to hospital discharge while no association found for the use of ARBs ([@CR73]). Another study came from Lombardy, Italy which was a population-based case-control study including 6272 case patients with SARS-CoV-2 and matched 30,759 controls according to sex, age, and municipality of residence ([@CR74]). While the use of ACEIs and ARBs was more common among case patients, it did not show any association with Covid-19 among case patients overall or among patients who had a severe or fatal course of the disease ([@CR74]). Lastly, Reynolds et al. conducted a study based on data from the electronic health records of 12,594 patients in the New York University among whom 5894 were tested positive and 1002 had severe disease ([@CR75]). They assessed the relation between previous treatment with antihypertensive drugs including ACEIs and ARBs and the likelihood of a positive or negative result on Covid-19 testing as well as the likelihood of severe illness. Again, there was not any association between ACEIs/ARBs and an increased likelihood of a positive test nor with an increase in the risk of severe illness ([@CR75]). The two later study, therefore, suggested that the risk of infection was also not increased among ACEI/ARB users ([@CR74], [@CR75]). Some other smaller studies published priorly from China also reported that ACEIs/ARBs were not associated with the severity or mortality of Covid-19 ([@CR76], [@CR77]). All these data suggest that ACEI or ARB use is not associated with the risk of SARS-CoV-2 infection, more severe disease course or the risk of in-hospital death in Covid-19 patients. It should be considered that these studies are observational data and still one or more randomized trials are needed to answer definitively whether ACEIs/ARBs pose a harm to patients with Covid-19 ([@CR78]). However, considered all together, these studies suggest that an increase in infection risk or severity, or mortality related to the Covid-19 is unlikely with use of ACEIs/ARBs. In older adults, the prevalence of hypertension, diabetes, cardiovascular diseases and heart failure is higher than the younger counterparts, as are the risks for acquiring infection, severe infection and infection-related mortality. Therefore, possible concerns and beneficial effects related with use of ACEIs/ARBs are of great interest and these study results have shed some light for the concerns of clinicians dealing with older adults.
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